Introduction {#sec1}
============

Undernutrition among women of reproductive age, manifested by short stature, underweight, and micronutrient deficiencies, remains pervasive in Asia and Africa ([@bib1]). Nutritional deficit during pregnancy contributes to maternal deaths during childbirth ([@bib1], [@bib2]), adverse birth outcomes ([@bib3]), and stunting by age 2 y ([@bib4]). Maternal undernutrition also contributes to deaths and preventable illnesses in \>1,000,000 children before age 5 y ([@bib2]). Thus, improving maternal nutrition during pregnancy is important to reduce the global burden of maternal and child undernutrition, morbidity, and mortality ([@bib5]).

The WHO recently released new recommendations on antenatal care (ANC), which include specific recommendations to improve diets and nutrient intake during pregnancy, along with health assessments, disease prevention, and health system strengthening to improve the utilization and quality of ANC ([@bib6]). The guidelines recommend that, in addition to receiving specific micronutrient supplements and balanced energy and protein dietary supplementation (in food-insecure areas), women should receive relevant and timely counseling about healthy diets, physical activity, and adequate weight gain during pregnancy. To date, most large-scale nutrition interventions in developing countries either focus on specific micronutrient supplementation ([@bib7]) or balanced energy and protein supplementation ([@bib3], [@bib12]) and solely target women of childbearing age without regard for their autonomy within the household and their ability to adopt the promoted behaviors on their own ([@bib13], [@bib14]). Engaging husbands, especially when they are the head of the household and primary decision makers on family health care, is important to improve care-seeking for women and children ([@bib15], [@bib16]).

The importance of male partner support for improving maternal health-seeking behaviors and practices is evident in the health literature related to the prevention of mother-to-child transmission of HIV ([@bib17]), family planning ([@bib18]), maternal care ([@bib19]), and breastfeeding ([@bib20]). Studies in Peru ([@bib21]), Zimbabwe ([@bib22]), and Kenya ([@bib23]) have also highlighted the importance of spousal support to improve adherence to micronutrient supplements among pregnant women. In addition, fathers' support is reported to avert postpartum maternal depression, which, in turn, affects the mother-child interaction during breastfeeding and child feeding ([@bib24]). Although these studies underscore the benefits of engaging husbands for specific nutritional interventions, evidence of the impact of interventions targeting husbands to improve maternal nutrition is lacking. Including husbands in social behavior-change programs for nutrition is particularly important in South Asia, where the prevalence of maternal short stature and anemia remains critically high ([@bib1], [@bib2]), women\'s decision-making autonomy is particularly low, and households are predominantly male-headed ([@bib25], [@bib26]).

In Bangladesh, more than half of pregnant women are anemic, and 20% of ever-married women 15--49 y of age are underweight ([@bib27], [@bib28]). Nutritional inadequacies among women and children are high due to a lack of dietary diversity and low intake of micronutrient supplements ([@bib29]). Yet, less than half of pregnant women received iron and folic acid (IFA) during antenatal consultations ([@bib30]), and women often consumed only ≤90 IFA tablets ([@bib31]), an amount that is lower than recommended.

To address the challenges of maternal undernutrition in Bangladesh, the Alive & Thrive initiative leveraged BRAC's existing Maternal, Neonatal, and Child Health (MNCH) platform (i.e., "standard MNCH" program) and incorporated a strong maternal nutrition package of interventions to *1*) promote increased dietary intake, diet diversity, and adequate rest; *2*) provide free IFA and calcium supplements; and *3*) monitor weight gain during pregnancy. This integrated program is referred to as the "nutrition-focused MNCH" program. We showed previously that, compared with the standard MNCH program, the nutrition-focused MNCH program successfully improved multiple outcomes such as maternal dietary diversity and micronutrient supplement consumption during pregnancy and exclusive breastfeeding practices ([@bib32]). Given the recognized importance of male partner support for improving maternal health-seeking behaviors and practices ([@bib15], [@bib19]), the nutrition-focused MNCH also included specific interventions to promote greater engagement of husbands and support to their wives during pregnancy. In this article, we report results from our analysis of the following: *1*) the impact of providing nutrition-focused MNCH compared with standard MNCH programs on husbands' awareness, knowledge, self-efficacy, and support for optimal nutrition practices of their wives and *2*) the extent to which the impact of the program previously reported on micronutrient supplement intake and dietary diversity was explained by differences in the husbands' engagement in the program as reflected by differences in related behavioral determinants and support to their wives during pregnancy.

Methods {#sec2}
=======

 {#sec2-1}

### Study context and intervention description {#sec2-1-1}

This study used data from a cluster-randomized study conducted to evaluate the feasibility and impact of integrating intensified maternal nutrition interventions into the existing MNCH program platform in Bangladesh. A detailed description of the intervention package has been provided elsewhere ([@bib32]). Briefly, Alive & Thrive designed a nutrition-focused MNCH program (including interpersonal counseling, community mobilization, distribution of free micronutrient supplements, and weight-gain monitoring) targeted to both wives and husbands, with the overall goal of improving maternal nutrition. All components of the maternal nutrition interventions started in 10 subdistricts in August 2015 and continued until the end of August 2016.

Interpersonal counseling was delivered by 2 frontline workers, Shasthya Kormi (SK; salaried health worker) and Shasthya Shebika (SS; community health volunteer worker), through monthly home visits for all pregnant women. Husbands of these women were encouraged to attend the home-based counseling sessions as well. The nutrition-focused interventions delivered during home visits included the following: *1*) demonstrating a specific diet plan (both quality and quantity), *2*) providing free supplements (IFA and calcium tablets) and advice on using them, *3*) measuring weight and explaining optimal weight-gain patterns, *4*) counseling on adequate rest during pregnancy, and *5*) engaging husbands and other family members to ensure enough varied foods and supplements being available and supporting pregnant women to consume them.

Community mobilization in the nutrition-focused MNCH model involved husbands' forums (i.e., meetings), small group meetings with community opinion leaders, entertaining video shows, and popular theater for the entire community. Husbands of pregnant women were invited to attend 2 husbands' forums during pregnancy (in the second and third trimesters) to discuss several topics including the following: *1*) benefits of ensuring good maternal nutrition for the mother and child, *2*) husbands' role in purchasing nutritious foods and motivating their mothers and wives to ensure that the recommended quantities of diverse foods are consumed by their wives daily, *3*) ensuring adequate supplies of IFA and calcium supplements and reminding their wives to take them daily, and *4*) reviewing their wives' weight gain and supporting healthy weight gain. Video shows and interactive communication were carried out for the community, covering multiple topics related to nutrition during pregnancy and aiming at shifting social norms through spreading awareness about the recommended practices and the need to support pregnant women. These targeted multiple audiences included women, their husbands and family members, local elites (religious leaders, community leaders, teachers), village doctors, medical drug sellers, pharmacists, and government health workers. In the standard MNCH program, women received ANC with standard nutrition counseling; there were no community mobilization or husband engagement activities being promoted.

### Study design and participants {#sec2-1-2}

The study design has been described in detail elsewhere ([@bib32]). Briefly, a cluster-randomized, nonblinded, impact-evaluation design was used to compare the nutrition-focused MNCH and the standard MNCH programs. Twenty subdistricts (*upazilas*) from 4 districts (Mymensingh, Rangpur, Kurigram, and Lalmonirhat), where BRAC\'s rural MNCH program already existed, were randomly assigned to nutrition-focused MNCH or standard MNCH. Cross-sectional household surveys were conducted at baseline (July--August 2015) and endline (July--August 2016) in the same villages.

A total of 1000 women with children aged \<6 mo and ∼70% of their husbands (except for those who worked far from home) were surveyed in each group and at each survey round. To obtain the samples, within each subdistrict, 5 unions and 2 villages within each union were randomly selected to yield a total of 200 villages (average size of 250 households/village). Within each village, a household census was conducted before each round to create a list of mothers with infants \<6 mo of age. Households were selected for surveys by using systematic sampling beginning with a random seed starting point to yield the desired sample size per cluster. Data were collected via face-to-face interviews with women and their husbands in a separate room in the household with the use of a structured questionnaire, which was prepared in English, translated into Bangla, and then back-translated. Enumerators were trained by mixed methods (lecture, role-play, mock interview, and practice) in classroom and field settings.

### Measurements {#sec2-1-3}

Husbands' exposure to program interventions was assessed by 3 indicators: receiving advice related to maternal nutrition from frontline workers during home visits, attending a nutrition-related husbands' forum, and participating in interactive video shows in the community. The husbands' behavioral determinants measured included awareness of the recommended maternal nutrition practices, knowledge of the benefits and practices, and self-efficacy and perceptions of social norms related to maternal nutrition. Support provided by the husband to his wife during pregnancy was measured by recall from their wives. On the basis of the Theory of Reasoned Action ([@bib33]), an integrative framework for the prediction of and change in human social behavior, we postulated that a husband\'s exposure to the program would lead to a change in his awareness, knowledge, and self-efficacy and perception of social norms. These determinants, in turn, would result in husbands taking supportive actions to support their pregnant wives in taking IFA and calcium supplements as recommended, and improving their dietary diversity.

To measure awareness, husbands were asked if they had ever heard any of several messages related to proper diet during pregnancy, intake of IFA and calcium, optimal weight gain, and the need to rest during pregnancy. Each awareness item was given a score of 1 (yes) and 0 (no) and the sum was used as the awareness score. The husband\'s knowledge was assessed by asking a list of open-ended questions about IFA and calcium (benefit of taking IFA or calcium during pregnancy, how long women should take IFA and calcium during pregnancy, and knowledge of the foods that interfere with IFA absorption) and types of food that pregnant women should eat every day. Each knowledge item was given a score of 1 (correct) or 0 (incorrect), and the sum was used as the knowledge score. Items to measure the husband\'s self-efficacy (his confidence in being able to provide the expected support to his wife) and perceptions of social norms (his perceptions about community practices) were combined into a single score due to a high correlation with each other. The items included statements with regard to the husband\'s confidence in his capacity to provide sufficient food and supplements for his pregnant wife, his commitment to remind his wife to take supplements daily, and his beliefs that most other husbands in the village similarly support their wives. Responses to each statement were made on a 5-point Likert scale in which husbands reported the degree to which they agreed or disagreed. Responses to negative statements were reverse coded, so all responses were in the same direction as positive items. Cognitive and pilot tests were conducted for all items to ensure that husbands understood their meaning. Each item was given a score of 1 (agree) or 0 (disagree), and the sum was used as the score for self-efficacy and perceptions of social norms. Finally, the husband\'s support was measured by asking his wife if she received different forms of support from him during pregnancy, including whether he purchased diversified nutritious foods, ensured adequate supplies of IFA and calcium, and reminded her and supported her to practice the recommended behaviors. The total scores for each type of husband\'s behavioral determinants were standardized to the theoretical range of each scale from 0 to 10 for comparability.

Covariates potentially associated with uptake of interventions were also measured. These included age, education, and occupation for both women and their husbands and household size, number of children aged \<5 y, and socioeconomic status at the household level. The measure of socioeconomic status was obtained by using principal components analysis for a set of items related to household assets, housing conditions, and access to utilities ([@bib34]).

The consumption of IFA and calcium supplements was assessed by asking women to report how many IFA or calcium tablets they consumed during their last pregnancy. During monthly visits to women\'s homes, frontline workers recorded the number of IFA and calcium tablets consumed in a mother-child handbook as part of the MNCH program; this book was used to assist women in their recall. Maternal dietary diversity was assessed by using a quantitative 24-h recall, in which all foods consumed were categorized in 10 food groups to create the Women\'s Dietary Diversity Score ([@bib35]). The dietary diversity measure represents the number of food groups consumed and thus ranged from 0 to 10.

### Statistical analysis {#sec2-1-4}

The differences between the 2 study groups, standard MNCH and nutrition-focused MNCH, in each survey round were tested with the use of linear (continuous variables) or logit (categorical variables) regression models for each item of the behavioral determinants. We used mixed, 3-level regression models that estimated the difference between the 2 study groups in the differences over time \[difference-in-difference (DID)\] as the interaction between survey round and study group for the overall score of each behavioral determinant ([@bib36]). All of the models accounted for clustering at the subdistrict and village levels by including these as random effects ([@bib37]) and adjusted for household socioeconomic status and husbands' and wives' education that were different at endline. Path analysis ([@bib38]) was used to examine how much of the program differences in intake of IFA supplements, calcium supplements, and dietary diversity were explained by husbands' behavioral determinants. The path models used endline data, and the indirect association for each outcome indicator was calculated as the product of the unstandardized regression coefficients for each path. Data analysis was performed with the use of Stata 14 (StataCorp).

### Ethical approval {#sec2-1-5}

Approval was obtained from the institutional review boards at the International Food Policy Research Institute and the Bangladesh Medical Research Council. All women were provided with detailed information in writing and verbally at recruitment. Written informed consent was obtained from all women aged \>18 y. For women aged \<18 y, we obtained their assent and the permission from their guardians. The study was registered at [www.clinicaltrials.gov](https://www.clinicaltrials.gov/) as NCT02745249.
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### Sample characteristics {#sec3-1-1}

On average, husbands were 31 y old; nearly one-quarter had no formal education and \>40% worked as farmers. The mean age of their wives was 24 y ([**Table 1**](#tbl1){ref-type="table"}). The majority of women were housewives with an average of 6 y of education. More than 10% of women had no schooling and \>80% did not complete high school. There were no differences in characteristics of wives, husbands, and households between nutrition-focused MNCH and standard MNCH areas at baseline, indicating that randomization was successful. At endline, husbands and wives in the nutrition-focused MNCH had a slightly higher educational level, and households had higher socioeconomic status, compared with the standard MNCH group.

###### 

Selected characteristics of husbands and their wives at baseline and endline^[1](#tb1fn1){ref-type="fn"}^

                                                      Baseline        Endline                         
  --------------------------------------------------- --------------- --------------- --------------- ---------------
  Husbands, *n*                                       747             767             622             685
   Age, y                                             31.6 ± 7.2      31.2 ± 7.1      32.1 ± 6.9      31.7 ± 6.9
   Occupation, %                                                                                      
    Farmer                                            43.5            46.3            40.4            44.2
    Worker                                            19.4            15.6            13.5            14.7
    Traders                                           21.0            18.1            23.6            16.5
    Rickshaw/van pulling/self-employment/others       16.1            20.0            22.5            24.5
   Education, %                                                                                       
    No schooling                                      26.7            24.0            21.9            21.2
    Primary school                                    38.0            37.8            34.9\*          41.8
    Secondary school                                  22.4            23.7            27.2            21.9
    High school, college or higher                    12.9            14.5            16.1            15.2
  Women, *n*                                          1000            1000            1000            1000
   Age, y                                             24.7 ± 5.43     24.2 ± 5.58     24.8 ± 5.40     25.1 ± 5.61
   Age at marriage, y                                 16.7 ± 2.4      16.5 ± 2.3      16.7 ± 2.4      16.9 ± 2.5
   Occupation as housewife, %                         89.4            90.3            96.4            95.0
   Education, %                                                                                       
    No schooling                                      10.7            12.8            9.00^†^         12.0
    Primary school                                    36.4            33.9            31.1            33.5
    Secondary school                                  37.9            37.9            42.9^†^         39.6
    High school, college or higher                    15.0            15.4            17.0            14.9
  Households, *n*                                     1000            1000            1000            1000
   Household size, *n*                                5.2 ± 1.9       5.0 ± 1.8       5.2 ± 1.9       5.0 ± 1.6
   Number of children \<5 y of age                    1.3 ± 0.5       1.3 ± 0.5       1.3 ± 0.5       1.2 ± 0.4
   Socioeconomic index^[2](#tb1fn2){ref-type="fn"}^   --0.06 ± 0.99   --0.06 ± 0.96   0.15 ± 0.98\*   --0.03 ± 0.84

^1^Values are means ± SDs unless otherwise indicated. ^†^*P* \< 0.10, \**P* \< 0.05. MNCH, Maternal, Neonatal, and Child Health.

^2^The socioeconomic index was constructed by using principal components analysis with variables on ownerships and assets. It is a standardized score with mean = 0 and SD = 1.

### Husbands' exposure to program intervention {#sec3-1-2}

The percentage of husbands who received advice related to maternal nutrition from frontline workers was higher in nutrition-focused MNCH than in standard MNCH areas at endline (62% compared with 27% for SK and 41% compared with 16% for SS) ([**Figure 1**](#fig1){ref-type="fig"}). Two-thirds of husbands in the nutrition-focused MNCH areas reported ever attending a husbands' forum, and most of them attended while their wives were in the second trimester of pregnancy. In the nutrition-focused MNCH areas, approximately one-third of husbands reported ever having seen video shows in the community, which was significantly higher than in the standard MNCH areas. Husbands' exposure to program components varied across subdistricts. For example, exposure to SK, SS, husbands' forum, and video shows ranged from 37% to 83%, 10% to 80%, 52% to 80%, and 6% to 77%, respectively, across subdistricts.

![Husbands' exposure to program interventions at endline showing exposure to counseling from frontline workers' home visits (A), husbands' forum (B), and video shows (C). Intervals shown are ±1 SD among subdistricts. Video 1: "Everyone has a responsibility to ensure nutrition and care for pregnant women"; Video 2: "Five rules of pregnant women\'s nutrition during pregnancy"; Video 3: "Nutritious foods are easily available." MNCH, Maternal, Neonatal, and Child Health; SK, Shasthya Kormi (salaried health worker); SS, Shasthya Shebika (community health volunteer worker).](nxy090fig1){#fig1}

### Husbands' awareness related to maternal nutrition {#sec3-1-3}

The percentage of husbands who reported ever having heard messages related to nutrition during pregnancy improved over time ([**Table 2**](#tbl2){ref-type="table"}) in both groups (for all but 2 messages that did not improve in the standard MNCH group). Improvements were significantly larger in the nutrition-focused MNCH group than in the standard MNCH group. At endline, husbands in the nutrition-focused MNCH group reported significantly higher awareness of specific messages related to proper diet during pregnancy, messages on IFA and calcium, and messages related to weight gain and rest during pregnancy. Overall, the nutrition-focused MNCH group had a 2.74 (95% CI: 2.44, 3.05) greater improvement in husbands' awareness scores compared with the standard MNCH group ([**Figure 2**](#fig2){ref-type="fig"}).

![Summary impact of program on husbands' awareness (A), knowledge (B), self-efficacy (C), and social norms and supports (D). The DID impact estimates from mixed models and 2-tailed *P* values comparing nutrition-focused MNCH and standard MNCH areas in 2014 and 2015, accounting for geographic clustering, are shown. \*\*\**P* \< 0.001. DID, difference in difference; MNCH, Maternal, Neonatal and Child Health; pp, percentage point.](nxy090fig2){#fig2}

###### 

Husbands' awareness of nutrition message, by program group and survey round^[1](#tb2fn1){ref-type="fn"}^

                                                                                                           Baseline      Endline                           
  -------------------------------------------------------------------------------------------------------- ------------- ------------- ------------------- -------------
  Proper diet every day during pregnancy ensures weight gain of pregnant woman                             77.5          78.5          97.1\*              87.7
  Proper diet every day during pregnancy ensures adequate growth of baby inside the womb                   83.7          82.0          97.3\*              90.4
  Proper diet every day can ensure quick recovery of mothers after delivery                                75.5          72.1          95.3\*              86.0
  Proper diet every day during pregnancy can save costs on doctor and medicine for both mother and child   46.3          49.3          84.7\*\*            58.1
  Proper diet during pregnancy will ensure that the child will be brainy                                   49.7          53.7          86.0\*\*            61.9
  Pregnant women should consume ≥5 different food groups daily                                             20.6          24.0          83.6\*\*\*          16.4
  Nutritious food is not always expensive                                                                  46.9          46.9          75.2\*\*\*          46.1
  During pregnancy, take 1 IFA tablet every day                                                            83.7          78.6          95.8\*\*\*          84.1
  During pregnancy, take 1 calcium tablet every day                                                        84.5\*        79.4          96.6\*\*\*          84.7
  During pregnancy, take ≥2 h of rest every afternoon                                                      75.2          70.9          91.6\*\*\*          72.1
  Avoid tea/coffee                                                                                         14.1          13.0          50.3\*\*\*          14.9
  During pregnancy, a woman should gain 10--12 kg                                                          17.1          26.0          83.6\*\*\*          21.8
  A pregnant woman should be weighed each month                                                            30.5          36.4          84.9\*\*\*          32.7
  Total awareness score (range: 1--10)^[3](#tb2fn3){ref-type="fn"}^                                        5.42 ± 2.12   5.47 ± 2.45   8.63 ± 1.89\*\*\*   5.82 ± 2.12

^1^Values are means ± SDs or percentages of husbands who had ever heard the messages. \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001. IFA, iron and folic acid; MNCH, Maternal, Neonatal, and Child Health.

^2^Differences between intensive and nonintensive areas, accounting for geographic clustering with the use of a 3-level mixed model.

^3^Unexplained SDs for subdistrict, village, and individual levels were 0.499, 0.285, and 2.02, respectively. Intraclass correlations for subdistrict and village were 0.056 and 0.075, respectively.

### Husbands' knowledge related to maternal nutrition {#sec3-1-4}

For several measures of husbands' knowledge on IFA and calcium, the change in knowledge was significantly greater in nutrition-focused MNCH areas than in standard MNCH areas ([**Table 3**](#tbl3){ref-type="table"}). Husbands' knowledge of dietary diversity also improved over time, and the improvement was in favor of nutrition-focused MNCH areas for some specific types of foods, such as thick daal, flesh food, and yellow/orange fruit. Overall, improvements were significantly greater in the nutrition-focused MNCH, compared with standard MNCH, for total knowledge score (DID: 1.31; 95% CI: 1.11, 1.51) ([Figure 2](#fig2){ref-type="fig"}).

###### 

Husbands' knowledge of nutrition, by program group and survey round^[1](#tb3fn1){ref-type="fn"}^

                                                                      Baseline      Endline                           
  ------------------------------------------------------------------- ------------- ------------- ------------------- -------------
  Knowledge of IFA                                                                                                    
   Coffee or tea decrease iron absorption when taken with meals       3.8           3.5           29.6\*\*\*          3.5
   Benefits of IFA tablets during pregnancy                                                                           
    To reduce the risk of anemia for pregnant women                   34.0          33.1          51.0\*              35.2
    To reduce the risk of anemia for the child inside the womb        27.6          21.8          48.4\*\*            27.6
    To reduce the risk of low birth weight                            10.8          11.6          33.8\*\*            14.7
    To help improve the child\'s intelligence                         27.0          25.2          36.7                28.0
    To reduce the risk of excessive blood loss after delivery         7.8           3.9           21.1\*\*\*          5.8
    To reduce the risk of excessive blood loss during delivery        1.5           2.0           10.8\*              3.9
    To make the mother healthy/strong                                 30.3\*        40.8          30.1\*\*            45.0
   Women should take IFA for 6 mo during pregnancy                    29.9          27.3          69.9\*\*\*          34.3
  Knowledge of calcium                                                                                                
   Benefit of calcium tablets during pregnancy                                                                        
    To ensure adequate growth of child\'s bones and teeth             31.8          31.0          68.7\*\*\*          46.1
    To reduce the risk of hypertension/pre-eclampsia/eclampsia        6.3           4.4           43.1\*\*\*          10.7
   Women should take calcium for 6 mo during pregnancy                28.1          24.5          69.5\*\*\*          32.9
  Knowledge of dietary diversity                                                                                      
   Kind of food pregnant/lactating women should eat every day                                                         
    Rice                                                              75.0          68.5          97.3                99.3
    Thick daal                                                        36.1          28.9          83.3\*\*\*          52.9
    Yellow/orange fruit and vegetables                                42.7          44.5          73.3                45.4
    Dark-green leafy vegetables                                       80.2          84.5          91.6                84.7
    Other vegetables                                                  64.3          65.1          62.1                70.4
    Yellow/orange fruit                                               48.9          55.8          65.6\*\*            43.4
    Egg                                                               88.0          87.6          96.6                94.9
    Milk/milk products                                                59.6          70.0          82.8                74.6
    Fish/seafood                                                      71.4          71.2          82.2                82.0
    Meat (both flesh and organ)                                       65.9          65.1          85.1\*              78.1
  Total knowledge score (range: 1--10)^[3](#tb3fn3){ref-type="fn"}^   3.95 ± 1.35   3.95 ± 1.45   6.05 ± 1.58\*\*\*   4.60 ± 1.41

^1^Values are means ± SDs or percentages. \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001. IFA, iron and folic acid; MNCH, Maternal, Neonatal, and Child Health.

^2^Differences between intensive and nonintensive areas, accounting for geographic clustering with the use of a 3-level mixed model.

^3^Unexplained SDs for subdistrict, village, and individual levels were 0.390, 0.259, and 1.31, respectively. Intraclass correlations for subdistrict and village were 0.078 and 0.113, respectively.

### Husbands' self-efficacy and social norms related to maternal nutrition {#sec3-1-5}

Information on husbands' self-efficacy and social norms was measured at endline only. Compared with the standard MNCH group, a greater percentage of husbands in the nutrition-focused MNCH group reported a strong positive belief of their ability to support their wives in adopting recommended practices ([**Table 4**](#tbl4){ref-type="table"}). Specifically, a higher percentage of husbands in nutrition-focused MNCH areas stated that they could manage to obtain the recommended 5 varieties of food and help their wife in consuming these foods as well as IFA and calcium supplements. In addition, more husbands in the nutrition-focused MNCH group believed that most other husbands in the villages took similar actions to support their wives. The total self-efficacy and social norms score was 1.08 higher in the nutrition-focused MNCH group than in the standard MNCH group at endline (6.99 compared with 5.90) ([Figure 2](#fig2){ref-type="fig"}).

###### 

Husbands' self-efficacy and perception of social norms, by program group at endline survey^[1](#tb4fn1){ref-type="fn"}^

                                                                                                                                                                                                             Nutrition-focused MNCH^[2](#tb4fn2){ref-type="fn"}^ (*n* = 622)   Standard MNCH (*n* = 685)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------- ---------------------------
  I can manage to purchase/obtain 5 varieties of food for my wife during pregnancy                                                                                                                           93.5\*\*\*                                                        58.9
  I can manage to ensure that my wife consumes adequate amounts of food during pregnancy                                                                                                                     93.9\*\*\*                                                        70.2
  I cannot afford to purchase or provide the recommended types and amounts of food every day for my wife during pregnancy because we are poor people^[3](#tb4fn3){ref-type="fn"}^                            43.2\*\*                                                          62.3
  It is too costly to obtain the recommended types and amounts of foods for my wife\'s consumption during pregnancy^[3](#tb4fn3){ref-type="fn"}^                                                             35.3\*\*\*                                                        57.3
  I ensure that there are enough tablets of IFA and calcium at home for my wife to consume ≥180 tablets during pregnancy                                                                                     92.2\*\*\*                                                        58.3
  I remind my wife to consume all tablets of IFA and calcium as recommended (1/d for 6 mo) during pregnancy                                                                                                  90.9\*\*\*                                                        53.4
  I remind/help my wife to take rest for 2 h during the day in addition to sleeping at night                                                                                                                 91.9\*\*                                                          79.8
  I review my wife\'s weight-gain chart and help her find ways to gain enough weight during pregnancy                                                                                                        75.3\*\*\*                                                        26.2
  I know how much weight a pregnant woman should gain during pregnancy                                                                                                                                       78.0\*\*\*                                                        29.2
  I always call the health worker on my mobile phone if I have any difficulty doing any of the above                                                                                                         81.4\*\*\*                                                        56.4
  Most husbands in my village know the importance of proper nutrition for mother during pregnancy                                                                                                            90.4\*\*\*                                                        63.9
  Most husbands in my village do not purchase diversified nutritious foods and ensure that their wife has these foods available^[3](#tb4fn3){ref-type="fn"}^                                                 39.5                                                              49.5
  Most husbands in my village remind and encourage their wife to consume the recommended quantity of diversified foods daily                                                                                 84.8\*\*                                                          62.1
  Most husbands in my village know that taking 1 tablet of IFA and 1 tablet of calcium daily for 180 d can prevent their pregnant wife from dying during childbirth and serious complications of pregnancy   95.5\*\*\*                                                        81.3
  Most husbands in my village do not remind/help their wife to take rest for 2 h during the day in addition to sleeping at night^[3](#tb4fn3){ref-type="fn"}^                                                31.4                                                              40.4
  Most husbands in my village do not review their wife\'s weight-gain chart and help her find ways to gain enough weight during pregnancy^[3](#tb4fn3){ref-type="fn"}^                                       38.0                                                              43.8
  Most husbands in my village know how much weight a pregnant woman should gain during pregnancy                                                                                                             76.3\*\*\*                                                        32.8
  Most husbands in my village call the health worker on the mobile phone if they have any difficulties doing any of the above                                                                                80.7\*                                                            52.4
  Total self-efficacy and social norm score (range: [@bib1])^[4](#tb4fn4){ref-type="fn"}^                                                                                                                    6.99 ± 1.07\*\*\*                                                 5.90 ± 0.85

^1^Values are means ± SDs or percentages. \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001. IFA, iron and folic acid; MNCH, Maternal, Neonatal, and Child Health.

^2^Differences between intensive and nonintensive areas, accounting for geographic clustering with the use of a 3-level mixed model.

^3^Reversed coding when creating the score.

^4^Unexplained SDs for subdistrict, village, and individual levels were 0.423, 0.161, and 0.822, respectively. Intraclass correlations for subdistrict and village were 0.203 and 0.232, respectively.

### Husbands' support to wives during pregnancy {#sec3-1-6}

In nutrition-focused MNCH areas compared to standard MNCH areas, the percentage of wives who reported that their husbands ensured an adequate supply of different kinds of foods and enough tablets of IFA and calcium for them during pregnancy was significantly higher ([**Table 5**](#tbl5){ref-type="table"}). Compared with those in the standard MNCH areas, husbands in the nutrition-focused MNCH areas were also more likely to remind their pregnant wives to consume the recommended quantity of diversified foods, take 1 tablet of IFA or calcium daily, and take rest. The overall DID in husbands' support scores between nutrition-focused MNCH and standard MNCH packages was 1.86 (95% CI: 1.53, 2.19) ([Figure 2](#fig2){ref-type="fig"}).

###### 

Husbands' support for following recommended nutrition practices as reported by their wives, by program group and survey round^[1](#tb5fn1){ref-type="fn"}^

                                                                                                          Baseline      Endline                           
  ------------------------------------------------------------------------------------------------------- ------------- ------------- ------------------- -------------
  Husband purchases diversified nutritious foods and ensures that I have these foods available            69.7          66.6          80.1                73.3
  Husband reminds and encourages me to consume the recommended quantity of diversified foods daily        75.5          74.8          89.9\*\*            70.9
  Husband helps me to ensure that there are enough tablets of IFA and calcium at home                     64.9          62.6          77.2\*\*            55.5
  Husband reminds me to take 1 tablet of IFA and 1 tablet of calcium daily                                54.6          56.3          73.0\*\*\*          50.4
  Husband remind/helps me to take rest for 2 h during the day in addition to sleeping at night            68.1          66.4          83.9^†^             75.0
  Husband and family members do not make me do heavy lifting during pregnancy                             84.3          81.2          92.4                89.9
  Husband reviews my weight-gain chart and helps me find ways to gain enough weight during pregnancy      21.2\*\*      36.4          69.0\*\*\*          20.3
  Husband calls the health worker on the mobile phone if I have any difficulties to do any of the above   62.8\*        70.4          79.9\*              64.1
  Support scores (range: 0--10)^[3](#tb5fn3){ref-type="fn"}^                                              6.27 ± 2.29   6.43 ± 2.50   8.07 ± 2.23\*\*\*   6.24 ± 2.37

^1^Values are means ± SDs or percentages. ^†^*P* \< 0.10, \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001. IFA, iron and folic acid; MNCH, Maternal, Neonatal, and Child Health.

^2^Differences between intensive and nonintensive areas, accounting for geographic clustering with the use of a 3-level mixed model.

^3^Unexplained SDs for subdistrict, village, and individual levels were 0.472, 0.245, and 2.20, respectively. Intraclass correlations for subdistrict and village were 0.043 and 0.055, respectively.

### Path analyses for assessment of the role of husbands' engagement in the program as reflected by behavioral determinants in increasing maternal consumption of micronutrient supplements and dietary diversity {#sec3-1-7}

The overall impact of the intervention on IFA and calcium supplement intake and diet diversity has been described elsewhere ([@bib32]). Briefly, improvements were significantly greater in the nutrition-focused MNCH areas, compared with standard MNCH areas, for the consumption of IFA (DID: 46 tablets), calcium supplements (DID: 50 tablets), and the number of food groups consumed (DID: 1.6 food groups) by pregnant women.

The differences at endline in intakes of IFA and calcium supplements and dietary diversity were explained, in part, through improved husbands' behavioral determinants ([**Figures 3**](#fig3){ref-type="fig"}**--**[**5**](#fig5){ref-type="fig"}). The nutrition-focused MNCH program had a significantly higher score on husbands' awareness (difference of 2.73), knowledge (difference of 1.39), and self-efficacy and perception of social norms (difference of 1.05). These husbands' behavioral determinants, in turn, were associated with greater husbands' support (0.21--0.79). Finally, husbands' support was associated with higher consumption of IFA ([Figure 3](#fig3){ref-type="fig"}), calcium ([Figure 4](#fig4){ref-type="fig"}), and dietary diversity ([Figure 5](#fig5){ref-type="fig"}). Each 1-point difference in husbands' support (measured on a 1--10 scale) was associated with a greater number of 3.59 IFA tablets, 3.75 calcium tablets, and 0.04 food groups consumed. The indirect differences, obtained by adding the products of the regression coefficients for each path, suggest that for IFA consumption, 48% of the total program difference was explained by improved husbands' behavioral determinants and supportive activities. These indirect differences were 44% for calcium and 22% for dietary diversity.

![Path analysis for IFA consumption during pregnancy. Values are unstandardized regression coefficients from path analyses. The sum of the indirect differences through husbands' determinants was 47.9% of the total difference. \*\**P* \< 0.01, \*\*\**P* \< 0.001. FHW, frontline health worker; IFA, iron and folic acid.](nxy090fig3){#fig3}

![Path analysis for calcium consumption during pregnancy. Values are unstandardized regression coefficients from path analyses. The sum of the indirect differences through husbands' determinants was 44.6% of the total difference. \*\**P* \< 0.01, \*\*\**P* \< 0.001. FHW, frontline health worker.](nxy090fig4){#fig4}

![Path analysis for maternal dietary diversity. Values are unstandardized regression coefficients from path analyses. The sum of the indirect differences through husbands' determinants was 22.0% of the total difference. \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001. FHW, frontline health worker.](nxy090fig5){#fig5}

Discussion {#sec4}
==========

Engagement of husbands in a maternal nutrition program significantly improved several behavioral determinants among husbands (such as their awareness, knowledge, self-efficacy, and social norms, and their support to their wives during pregnancy), which, in turn, partially explained the overall program differences that have been previously reported ([@bib32]). Specifically, husbands' behavioral determinants explained nearly half of the improvements in women\'s intake of IFA and calcium during pregnancy and one-quarter of the difference in dietary diversity observed between the standard and the nutrition-focused MNCH programs.

Several features of the program contributed to the significant impact on husbands' behavioral determinants and supportive behaviors. First, to facilitate husbands' involvement, the program mobilized several interventions, including inside the home (counseling both husbands and their wives during home visits) and outside the home (husbands\' forum and video shows). Husbands' forums brought together husbands in the community and gave them opportunities to engage in peer-to-peer discussion on issues related to maternal nutrition and how they could support their wives. Second, priority behaviors and "small doable actions" specific to the program context were carefully selected through formative research (unpublished data) to raise husbands' awareness of better maternal nutrition practices and build their supportive role. For instance, during formative research, poverty emerged as the greatest barrier to following the dietary recommendations, and this prompted discussions on how husbands could purchase low-cost, seasonal fruit and vegetables and locally grown lentils, or gather wild greens more frequently, to support maternal diet diversification. Similarly, to overcome inequitable sex norms, several specific actions were discussed on the ways in which husbands could support their pregnant wives, including doing housework, ensuring adequate supplies of foods and antenatal micronutrient supplements in the home, and reminding and encouraging their wives to eat nutritious food and take adequate rest. The program also reinforced husbands' perception of community-wide acceptance of the recommended behaviors through visual images, videos, and stories on model husbands. Community opinion leaders who influence male family members were engaged through meetings as well. Men in Bangladesh also usually gather at tea stalls to share information. Although we do not have measures of the potential spillover effects from husbands who attended forums compared with others, it is likely that some key messages reached husbands beyond those who directly participated.

In our study, intervention exposure among husbands was moderate, with two-thirds of husbands participating in ≥1 of the 3 intervention platforms. A study involving husbands in maternal care in Uganda also reported a similar participation rate (65.4%) ([@bib39]), whereas studies in India reported a lower attendance rate among husbands (35--50%) ([@bib18], [@bib40]). In rural, resource-poor settings, achieving high participation rates among husbands is difficult because men are typically working away from home during the day. Other barriers to male involvement in maternal health included low levels of knowledge, embarrassment, and social stigma related to the perceived notion that pregnancy and maternity care--related discussions are relevant only to women ([@bib15], [@bib40]). Understanding the specific context is critical to maximizing husbands' involvement in maternal health. In our study, we did not find an association between husbands' characteristics (e.g., age, education, occupation) and program exposure. However, intervention exposure among husbands varied across subdistricts, suggesting that implementation may not have been uniform and that additional strategies may have been needed to strengthen implementation.

Although there is ample evidence on the positive effects of male involvement in improving the utilization of prenatal, delivery, and postnatal care services, as well as breastfeeding and child survival ([@bib18], [@bib19]), few studies have included measurements related to nutrition-specific practices. In a community-based randomized controlled trial in rural Pakistan, education of pregnant women and their husbands on safe motherhood resulted in a higher intake of iron supplements, an improvement of diet, and a lower workload during pregnancy than in the control group ([@bib45]). With the use of data from 3 rounds of the Demographic and Health Survey, a study in Indonesia reported a significant association between husband support and adherence to IFA supplementation during pregnancy (which was twice that in households in which husbands were supportive) ([@bib14]). A randomized controlled trial in Kenya also showed a positive impact on calcium adherence among pregnant women who had an adherence partner, 52% of whom were husbands ([@bib23], [@bib46]). Our study goes beyond the types of analyses presented in previous studies and reports on the evaluation, with the use of a randomized controlled trial, of the impact of a nutrition-focused program targeted to both men and women during pregnancy on a set of husbands' behavioral determinants. The study also models the contribution of differences in husbands' behavioral determinants on the adoption of positive nutrition behaviors by women during pregnancy.

Our study found a lower association of husband involvement with dietary diversity than with micronutrient supplement intake. We suspect there are 2 main reasons for this difference. First, micronutrient supplements were provided for free to the women in the nutrition-focused MNCH intervention group and therefore required that women be motivated---and supported by their husbands---to consume them. It appears that the project was successful in achieving these changes. The achievement of greater dietary diversity, on the other hand, is likely to have required more than awareness and motivation on the part of the pregnant women and their husbands and required that families purchase additional foods. The program did not address economic constraints related to acquisition of diverse foods in the low-income setting of our study.

Husbands' engagement in the nutrition program showed improvement in behavioral determinants, in having a commitment to and a supportive role during pregnancy ([@bib14], [@bib23], [@bib42], [@bib46]), and in their confidence to overcome economic constraints ([@bib15]), but there could be concerns about potential unintended consequences. A recent qualitative study suggests that men with high self-efficacy on supporting maternal nutrition may be viewed to be "too involved," particularly in settings with gendered concepts such as "males as providers" and "females as nurturers" ([@bib41]). Another concern was related to the perceived power of men over women, especially in regions where sex inequality is a significant barrier to social development and public health ([@bib47]). To overcome this barrier, several studies suggest creating spaces for men to learn and exchange with other men on supporting maternal and child nutrition to improve their family\'s health ([@bib15], [@bib40]). Interventions, such as husbands' forums, therefore become even more relevant to permit such peer-to-peer exchange.

The intervention package was not blinded to implementers or study participants, which could have introduced bias in the outcome assessment, despite the use of a randomized design. Interventions that involve educational outreach make it difficult to blind the providers or the receivers of educational interventions ([@bib48]). Data for practices covered by the behavior change communication intervention were from self-reports of husbands and their wives, which may raise concerns of social desirability bias. We included 5 control items on awareness (asking about matters not related to the program\'s promotion) and 4 negative control items on support, but did not find any bias in responses to these questions. In addition, we also assessed for bias that could arise from husbands who were unavailable for the interview in both groups and found no significant differences in the characteristics or outcome measures between women whose husbands were interviewed and women whose husbands were not interviewed ([**Supplemental Table 1**](#sup1){ref-type="supplementary-material"}). Finally, there was some spillover in that men in standard MNCH areas were exposed to some video shows; this spillover is not a threat to the internal validity of the study because it would bias the impact toward zero.

In conclusion, the maternal nutrition--focused intervention package integrated into an existing MNCH platform and targeted to both wives and husbands significantly improved several husbands' behavioral determinants and the nutrition support they provided to their wives during pregnancy. These behavioral determinants, in turn, substantially explained the program\'s impact on women\'s intake of IFA and calcium supplements and dietary diversity during pregnancy. Targeting both wives and husbands in maternal nutrition programs focused on promoting adoption of optimal nutrition behaviors can contribute substantially to achieve impacts.

Supplementary Material
======================

###### 

Click here for additional data file.
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